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A VERIFICATION STODT OF _REE AMES RESFARCH C_I'ER

PITOT-STATIC PROBF_S IN _E ROCKWEIL _TICL_L

NAAL LOW-SP_D WIXD Tu'INEL (0A236)

J. G. LeFevre

ABSTRACT

This report presents calibration data for five pitot-static probes

and two static pressure probes. The pitot-static probes tested were_

i. The NAAL calibration standard single pitot-

static probe.

2. The Ames Research Center calibration standard

pitot-static probe, Number i0.

3. Two Ames Research Center tunnel calibration

probes, Numbers 3 and 4.

4. 0.36-scale, 92AF system Rosemount model,

flight test, air data probe.

The static pressure probes tested were:

i. A Rosemount static pressure probe.

2. A NAAL special static pressure probe.

The NAAL calibration standard probe and the Ames Research Center

(ARC) calibration standard probe were tested on their regular supports.

The Rosemount probe, the SSV 0.36-scale pitot-static probe, and the NAAL

special static pressure probe were tested only on the tunnel centerline

boom. The ARC tunnel calibration probes were tested on the tunnel

centerline boom, on a streamlined_floor.to-ceiling support and a
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ABSTRACT (Cuncluded)

customized floor mount made of streamlined aircraft tubing, built for use

at the Ames Research Center's 40 x 80-foot tunnel.

The primary purpose for the test was to verify the calibration data

obtained using the Ames Research Center probes. All data obtained from

the various probes tested were compared to the Rosemount probe data.

The tests were conducted in the Rockwell International NAAL low-

speed 7.75 x ll-foot wind tunnel during the time period frc_ May 27, 1976

to June 2, 1976. There were 36.3 hours charged for the tests.
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NOMENCLATURE

SYMBOL

A27

K

M

PA_

Po

PS

PsB-Po

%

(PsB-PsBI)

PT

(PTB'PsB)

(PTB-P_)

MNEMONIC DEFINITION

cross section area in test section, 85.25 ft.2

cross section are_ in the 27-foot section of the

tunnel, 637 ft. 2

Mz M_
compressibility factor, I + _-- + _ + ...

qo ratio for any run,

qo (P_ - P12)

qop_ (P2_- Pzz)_Er

Mach number

barometric pressure, inches of Hg, or psf

correct ambient static pressure measured with the

aft orifices on the Rosemount static pressure
probe, psf

static pressure, psf

static pressure coefficient, differential pressure

between the static pressure measured !with the
probe on the tunnel centerline and the tunnel

freestream static pressure divided by freestream

dynamic pressure

pressure differential between the static pressure
measured with probe B on the tunnel centerline

and the static pressure measuredwith the_%AL

calibration standard probe located 2 feet south

of the tunnel centerline, psf

total pressure, psf

impact pressure measured by probe B, psf

pressure differential between the total pressures

measured on probe B located on the tunnel center-

line and the NAALcalibration standard probe

located 2 feet south of the tunnel centerline, psf
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NCMENCIATURE (Continued)

PLOT

SYMBOL

PT_-PTo

qo

(P I-PsBI)

PI2

(P12-PoA)

(PI2-PSB)

PI2-PsBI

%

P27

(P27-P12)

(P -PAm)

q

%

Mm_OITIC DEFINITION

total pressure coefficient, differential between

the total pressure measured with the pitot probe
on the tunnel centerline and freestreaa tunnel

total pressure divided by tunnel test section

dynamic pressure

impact pressure measured by the NAAL calibration
standard pitot-static probe, psf

pressure measured by the static riag at the 12-

foot section of the tunnel, psf

pressure differential_etween PI2 and atmospheric,
psf

pressure differential between P12 and the static
pressure measured with the Rosemount probe,
Run 12, psf

pressure differential between P12 and the static
pressure measured with the probe on the tunnel
centerline, psf

differential pressure between tunnel static

pressure at the 12-foot section and the static

pressure measured with the NAAL calibration
standard probe, psf

pressure measured by the static ring at the 27-

foot section of the tunnel, psf

pressure differential between P2T and P12, psf

pressure differential between P27 and atmospheric,
psf

dynamic pressure indicated by probe, psf

correct dynamic pressure, psf

average dynamic pressure calculated at the 27-

foot section of the tunnel, psf



PLOT
SIMBOL

R/FT, RN/L

WSE_

A

B

HONIC

S_CI_P_S

BI

I_F

S

T

12

2?

_(:K_C_IR_ (Concluded)

DEF_ITION

Reynolds number

tunnel total temperature, OR

setting for the tunnel "q" balance

Rosemount probe identification

subscript designation for probes other than the
Resemount probe

subscript designates data measured with the
NAALcalibration standard pitot-static probe

indicates the tunnel conditions measured when the

Ik_e_ount probe was first installed alone on the
tunnel centerlinebo_

static conditions

total conditions except when used in "AT" where

"AT" is the test section cross-sectional area

pertaining to the 12-foot section in the wind
tunnel circuit, forward of the test section

pertaining to the 27-foot section in the wind
tunnel circuitl (the settling _amb-er)_



_is test was run as a verification study of three Ames Research

Center pitot-static probes in the Rockwell International NAAL for-speed

wind tunnel. The static pressures measured with these probes in addition

to the static pressures measured with three other probes tested were all

compared to the static pressures measured with the aft static pressure

ring on the Rosemount static pressure probe. The Rosemount static

pressure probe was considered to be the reference standard for all static

pressures measured.

The data show that the static pressures measured with the Ames

tunnel calibration probe number 4 when mounted on the tunnel centerline

boom; and the static pressures measured with the I_AAL calibration

standard pitot-static probe, with no instrument correction; and the I[AAL

special static probe_all compare very closely to the static pressures

measured with the aft set of orifices on the Rosemount static pressure

probe.

The data also show that there is a very noticeable influence on the

static pressure readings due to the size, shape and proximity of the

support to the static pressure orifices on the static pressure probe.

The Ames tunnel calibration probe number 4, when mounted on the Ames

floor mount, (see Figures 2b and 3g) gave a static pressure coefficient

reading that w_s high by about +.O1, when compared to the Rose_ount

static probe. When the same probe was mounted on the streamlined air-

craft tubing, supported at the floor and ceiling, (see Figure _3h)the -

8



REMARKS (Concluded)

static pressure coefficients were high by about .005.

Near the end of the test it was discovered that there was a very

slight leak in the static pressure ring at the 12-foot section of the

wind tunnel. In reviewing the data, before and after the leak was cor-

rected, the following conclusions were made:

l,

o

3.

The leak in the static pressure ring was fairly constant

during the test from Run i to Run 17.

The leak varied as a function of tunnel dynamic pressure.

Because the final data were incremental and were presented

in coefficient form, the test results can still be considered

valid.

The most significant conclusion obtained from this study is that: The

size, shape and proximity of a support for a static pressure probe can

have an adverse influence on the static pressure readings obtained with

that probe.

9



CQNF_G__I]CV'ES_GATED

Seven individual probes of various designs were used in this test.

Five probes were pltot-static probes and two were for measuring st&tic

pressures onlyo

The probes tested werez

i.

o

e

4.

.

.

We

The E4AL calibration standaz_ pitot-statle probe,

(See Figures 2a, 2f, 3a, 3b, 3c, 3f and 3i).

_he Ames Research Center calibration standard

pitot-static probe ]umber i0, (See Figures 2g,

3d and 3e).

The Ames Research Center tunnel calibration

pitot-static probe Number 3, (See Figures 2h,

and 3g).

The Ames Research Center tunnel calibration

probe Number 4, (See Figures 2b, 2h and 3g).

The Rosemount static pressure probe, (See

Figures 2e, 2i, 3b and 3c).

The 0.36-scale 92 AF system Rosemount model

flight test air _ta probe, (See Figures 2J and
3f).

The NAAL special static pressure probe, (See

Figures 2e, 2k and 3g).

The I_%AL standard calibration pitot-static probe and the ARC standard

calibration pitot-static probe were both supported from the floor of the

tunnel and adjusted so that the probes were at the vertical centerline of

the tunnel. These two probes were both tested on the tunnel spanwise

centerline. The NAAL calibration standard pitot-static probe was also

tested two feet south of the tunnel centerline.

I0



0A236 CONFIGURATIONS TESTED

CONFIGURATION

i

3

6

DESCRIPTION

NAAL Calibration Std. Pitot - static probe located

on the tunnel centerline, X = -48.8, with the sting

strut support in the tunnel.

Ames Research Center Tunnel Calibration Pitot -

Static Probe No. 4 on the tunnel centerline mounted

on the Ames floor support frame, X = -48.5, with

the sting strut support in the tunnel.

Ames Research Center Calibration Standard Pitot -

static probe No. 10 on the tunnel centerline,

X = -48.6, with the sting strut support in the tunnel.

NAAL Calibration Std. Pitot - static probe 2 ft.

south of the tunnel centerline, X = -48.96, with the

sting strut support in the tunnel.

Rosemount Static Pressure Probe mounted on the tunnel

centerline boom, X = -48.80, and the NAAL Calibration

Std. Pitot - static probe 2 ft. south of tunnel cen-

terline, X = -48.96 with the sting strut support in
the tunnel.

Ames Research Center Tunnel Calibration Pitot - static

probe No. 3 mounted on the tunnel centerllne boom and

the NAAL Calibration Std. Pitot - static probe 2 ft.

south of tunnel centerline, with the sting strut
support in the tunnel.

Ames Research Center Tunnel Calibration Pitot - static

probe No. 4 mounted on the tunnel centerllne boom and

the NAAL Calibration Std. Pitot - static probe 2 ft.

south of the tunnel centerline, with the sting strut

support in the tunnel.

NAAL Special Static Probe mounted on the tunnel cen-

terline boom (boom faired), X = -48.8, and the NAAL

Calibration Std. Pitot - static probe mounted 2 ft.

south of the tunnel centerline, with the sting strut

support in the tunnel.
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0A236 CONFIGURATIONS TESTED (Concluded_

CONFIGURATION

i0

ii

12

13

14

DESCRIPTION

NAAL Special Static Probe mounted on the tunnel

centerline boom, X = -48.8, and the NAAL Calibra-

tion Std. Pitot - static probe mounted 2 ft. south

of the tunnel centerline, with the sting strut

support in the tunnel. (Same as Config. 8 but

without the fairings on the boom).

0.36 Scale SSV Flight Test Probe mounted on the

tunnel centerline boom, x = -48.9, and the NAAL

Calibration Std. Pitot - static probe 2 ft. south

of the tunnel centerline with the sting strut

support in the tunnel.

Rosemount Static Pressure P_obe mounted on the

tunnel centerline boom, X ffi-48.9, with the sting

strut support in the tunnel.

Ames Research Center Tunnel Calibration Pitot -

static probe No. 4 mounted on the tunnel centerline

boom with the sting strut support in the tunnel.

Ames Research Center Tunnel Calibration Pitot -

static probe No. 4 mounted on a floor to ceiling

streamlined support, with the sting strut support

in the tunnel.

Same as Config. 3 except it has two sets of support-

ing guy wires on the probe to minimize vibration.

12



INS_TION

Each pressure obtained for this test was measured with two individual

differential transducers. _he computed data from each pair was averaged

and tabulated as noted in the Data Reduction section of this report.

The pressure ranges for the transducers used were as follows:

P_SURE TRANSDUCER RANGE IN PSI

P27 - PA 1.0

P27 " PI2 1.0

PT " PS 1.0

PI2 " PS 0.3 or 0.25

P_B" e_l o.15

PsB - Psm o.15

All pressure transducers were calibrated prior to the test.

13



TEST FACILITT DESCRIPTICB

North American Aerodynamics Laboratory (NAAL) 7.75 x ll-foot wind

tunnel is a continuous-flow, closed-circuit, single-return tunnel capable

of speeds up to 200 miles per hour.

The test section is vented to atmospheric pressure and is 7.75 x II

feet wide and 12 feet long. Power is supplied by a 1250-horsepower na-

celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated

birch propeller. Airspeed is controlled by using a magnetic clutch to

vary the degree of coupling between the motor and propeller. Turbulence

is minimized by a damping screen and a honeycomb section in the settling

chamber upstream from the contraction cone (ratio 7.53 to I).

Tests may be conducted using a variety of mounting systems: single

strut, double strut, sting strut, reflection plane, cable suspension, or

two-dimensional wall. Aerodynamic data may be measured by a planar type

external balance system or sting-mounted internal balances. An Astrodata

Automatic Data Acquisition System collects, multiplexes, digitizes, and

records on magnetic tape 50 channels of force or pressure data or both.

Data are then reduced and plotted using automatic data processing equip-

ment and an automatic digital plotter.

The NAAL wind tunnel has been operating since J_ue 1943. Calibra-

tions are available over a wide range of test conditions.
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DATAREIUCTION

Eachparameter recorded was measured with two pressure transducers.

Thirty samples of data were averaged for each data point and three data

points were taken at each of the four tunnel "q" settings. The data

points were taken at about two-second intervals.

The static pressure data obtained with the Rose_ount probe were used,

without corrections, as the r_ren_ce for all other-static pres--sure data. _

The tunnel dynamic pressure for data takem with the Rosemount probe

was obtained by subtracting the Rosemount static pressure from the sum of

P27 and the calculated dynamic pressure in the 2T-foot section of the

tunnel. All data were corrected for compressibility. The d_c

pressure, qOREF , was used as a reference for the d_c pressures

obtained with other probes being tested.

The following dat_ reduction equations were usedx

i= I(PI2 " PSA) + (P27 " PI2) + qR71qOREF SEF! J C

= (P27-
qo (P27 - PI2)RE F

PsB'Po (PI2 - PSA)HE F

qo qoREF x K

2

= (PT " PS)B C' uncorrected for probe error%

The reference run is the first run using the Rosemount probe.

15



DATA RE_JCTION (Concluded)

Average of each of three 30-sample data groups was computed for one

set of transducers in Data Selection I, as well as the average of the

averages. The data for the second set of transducers are simil-ariy reduced

in Data Selection 2. I_ta Selection 3 averages the data of Selections 1

and2.

16



TEST : OA236

TAR_ r.

(_._ 759) J

TEST O_DITIONS

DATE = 5-27-T6

MACHNUMBER

o.z86

O,228

REYNOLDSNUMBER

(per foot)

1.28 x i0 b

1.56 x lO 6

0.2_6 1.68 x lO 6

0.262 1.7_ x 1o6

DYNAMICPRESSURE

(PSF)

STAGNATIONTEMPERATURE

,(OR)•
53 533-----_5_.

79 535 ----_544

9"2 53T _ 545

10_ _39 "-""*547

s

BALANCE UTILIZED:
NO K_NCE WAS F_K_BED

CAPACITY:

RE , _ ,

SF

AF i

PM

RM , --

YM ;'---- ,

ACCURACY:
COEFFICIENT
.TOLERANCE:

COMMENTS:
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-TR-ANSDuCE RS

Ce Schematic of the Transducer Hook-Up for the Tunnel Instrumentation
Used During the Pitot-Statie Probe Calibration Test

Figure 2. Continued.
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TRANSDU-C-i RS

de Schematic of the _z_asdueer Hook-Up with _wo Pitot-

Static Probes Teated Simultaaeously

Figure 2. Continued.
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el Schematic of the Transducer Hoo_-Up with the Rosemount Static or _AAL

Special Static Pressure Probe Tested with the
NAAL Calibration Standard Probe

Figure 2. Continued.
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I

fe NAAL C_libratio_ 8¢ax_cla_l Pitot-Static Probe for the
Rockwell T-ter_atio_al I_w-Spee_ b"J.n4 Ta_ael

Figure 2. Co_ti_ue_.
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I 

a. Three-Quarter Front View Showing the Ames Tunnel Callbration 
Probe Itumber 3 on the Tuanel Centerline Boom and the #AAL Callbration Stand- 
ard Pitot-Static Probe Installed !!bo Feet South of the Tunnel Centerline 

I 

b. 'Ihne-Quaueter Pront Closeup View of the Rosemount Static Probe on 
the Tunnel Centerline Boosp and the HAAL Callbration Standard 

Probe Two &et South of the Tunnel Centerllne 
Hgure 3. M e 1  photogrsghs. 
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C .  Three-Quarter Front V i e w  of the Rosemount Static Probe Installed on 
the Centerline Boom w i t h  the HAAL Calibration Standard Pitot-static 

Probe Installed Two Feet South of the Tunnel Centerline 

d. The Ames Research Center Calibration Standard Pitot-stat ic  Probe 
Number 10, Installed on the Tunnel Centerline 

Figure 3. Continued. 



e. 
S t a t i c  Probe Number 10 Ins ta l led  on the Tunnel Centerline Showing the  Two Sets 

of Supporting Guy W i r e s  Used t o  Steady the Probe a t  H i g h  Tunnel Dynamic Pressures 

Three-Quarter Front Closeup View of t he  Ames Calibration Standard P i to t -  

f. Three-Quarter Front V i e w  of the 0.36-Scale SSV Flight  Probe Mounted 
on the Centerline Boom with the ISAAL Calibration Standard Probe 

Installed Two Feet South of the Tunnel Centerline 
Figure 3. Continued. 



g. Three-Quarter Front V i e w  of the Ames Tunnel Calibration Probe Number 3 
or 4 Mounted i n  the Center of the Wind Tunnel on the 

Ames Streamlined-Tube Floor Mount 

h. Three-Quarter Front View of One of the Ames Tunnel Calibration Pitot- 
S t a t i c  Probes on the Tunnel Centerline Mounted on a Streamlined 

Aircraft Tube Supported a t  the Tunnel Floor and Ceiling 
Figure 3.  Continued. 



i. Rear V i e w  of the Tunnel Test Section w i t h  the XML Calibration 
Standard Pitot-stat ic  Probe on the Tunnel Centerline 

F'igure 3. Concluded. c .  
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APPNrDIX

SGUB01 DATA

Tabulations of plotted data are available on request from Data Management
Service8
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